INTRODUCTION {#sec1-1}
============

Urolithiasis is a widespread problem, and it is estimated to affect between 5% and 10% of population per lifetime. Urolithiasis incidence shows a progressive rise over the past two decades, which may be attributed to global warming, obesity, and dietary changes.\[[@ref1]\] Uric acid stones come second to calcium stones in prevalence and compromise around 10% of all stone diseases.\[[@ref2]\] Uric acid stone incidence varies widely among different countries with least in India and highest in the Middle East, with a range of 5%--40%. This difference can be related to climate, genetics, and dietary habits.\[[@ref2][@ref3]\]

Uric acid stone formation is a complex process with several contributing factors including uric acid output, urinary pH, urine volume, genetic predisposition, and metabolic syndrome.

Acidic urinary pH appears to be the most common risk factors identified in patients with uric acid stones. Uric acid solubility decreases drastically from 200 mg/dl in pH of 7 to 7--15 mg/dl in pH of 5.\[[@ref4]\] In a study of metabolic characters of 342 uric acid stone formers, the mean urinary pH was 5.4 with almost all the patients with urinary pH below 6.\[[@ref5]\]

Hyperuricosuria can be identified in one-third of uric acid stone formers. Uric acid is a metabolite of purine; the higher levels of uric acid in urine are associated with high protein diet, catabolic state during chemotherapy, or uricosuric drugs used in the treatment of gouty arthritis.\[[@ref6]\]

Several studies linked uric acid stone formation to insulin resistance; stone formers with diabetes are six folds more likely to form uric acid stones than nondiabetic stone formers. Urinary pH was inversely related to insulin sensitivity and body weight.\[[@ref7][@ref8]\]

As uric acid stones can be dissolved in urinary pH over 6.5,\[[@ref9]\] several alkali therapies were tried. Historically, Na citrate was tried; however, it was associated with higher adverse effect due to excessive sodium load which increased blood pressure and caused higher urinary calcium predisposing for calcium stones.\[[@ref10]\]

Potassium citrate is currently the treatment of choice for urine alkalization with minimal side effects and high tolerability.\[[@ref9][@ref11]\]

Aim of work {#sec2-1}
-----------

This study is trying to present the outcome of oral dissolution therapy (ODT) for treating radiolucent renal stones and evaluating factors affecting its success in a prospective manner.

METHODS {#sec1-2}
=======

Between January 2015 and January 2018, 147 patients with solitary radiolucent renal stones were offered ODT using potassium sodium hydrogen citrate (K citrate).

The study was prospectively designed and approved by the hospital ethical committee.

The study included patients diagnosed with solitary renal stones by noncontrast computed tomography (NCCT) with stone size of 5--30 mm in the longest dimension and attenuation less than 600 Hounsfield units (HU) and X-ray of the kidney, ureter, and bladder showing no radiopaque stones. Only patients with normal creatinine and two urine analyses with acidic pH were included. We excluded bilateral cases and cases with congenital anomalies with the kidney or the pelvicalyceal system.

The drug used was UrolytU^®^ (Meda Meda Egypt and KSA). The drug is supplied in granule form, active ingredient is potassium sodium hydrogen citrate (ratio is 6:6:3:5). The drug is accompanied by dipstick pH indicators. Patients were instructed to take the drug in three times daily regimen, with evening dose doubled. The urine pH was adjusted dose by dose to 6.2--6.8 using the pH-sensitive strips.

Patient compliance, blood pressure, creatinine level, K level, and tolerance to side effects were followed up at days 3, 7, and 15 and then monthly treatment. The treatment offered for 3 months with follow-up renal ultrasound at 6-week intervals and a final NCCT at the end of treatment. We adopt the 3-month treatment period to be an average period of the drug to cause a reasonable effect, especially for larger stones. If at any point of the scheduled follow-up, the patient NCCT or ultrasound showed clearance of stone, the treatment is then discontinued and only prophylaxis regimen was started.

Successful dissolution was defined as complete stone dissolution or residual that measures up to 2 mm in maximum length.

Patients with increasing blood pressure, rising creatinine, or K level or those noncompliant or not tolerating the drug were removed from the analysis.

Data were collected, tabulated, and analyzed using Stata 12.0 software (Stata Corporation, College Station, TX, USA).

For univariate analysis, we used Chi-square test and Mann--Whitney test when appropriate. We used *P* \< 0.05 as statistically significant results. We used multivariate logistic regression model combining factors that were statistically significant in univariate analysis and reported 95% confidence interval.

Of 147 patients included in the study, 18 patients were not able to continue the study; 11 patients did not tolerate drug taste and/or had gastric upset, 5 patients developed hypertension, and 2 patients had potassium level higher than 5.5 mg/dl. One hundred and thirty-nine patients were available for the statistical analysis.

Besides the demographics of the study group, we evaluated the effect of stone density (HU), maximum diameter, site within the kidney, hyperuricemia, and the presence of Double J (DJ) stent on the stone dissolution.

RESULTS {#sec1-3}
=======

One hundred and thirty-nine patients were included in the analyses. The age of cohort ranged from 22 to 70 years, with a mean of 45.1 ± 10.5.

DJ stent was used in 47 (33.8%) patients. The causes for DJ insertion were: residual stones after percutaneous nephrolithotomy (PCNL) in 18, migrated stone after ureteroscopy (URS) in 13, pyelonephritis in 9, and impacted stone at pelviureteral junction (PUJ) causing persistent pain or high creatinine in 7.

Overall response rate was 64.8% (90 patients), and response rate was not affected by age or gender. Both responders and nonresponders had baseline acidic urinary pH with insignificant difference. The responders\' mean urine pH was 5.17 ± 0.11 versus 5.21 ± 0.22 in nonresponders (*P* = 0.901). In this cohort, 13 patients were hyperuricemic -- 8 (8.8%) among responders and 5 (10.2%) nonresponders with *P* = 0.799 (insignificant difference). The stone location within the kidney (pelvic or calyceal) also showed no difference between the two groups.

Stone longest diameter was smaller in responders, with a mean stone size of 17 ± 5.7 mm versus 19.2 ± 6.1 mm in nonresponders with *P* = 0.039. The mean stone attenuation value (HU) was also lower in responders, with a mean stone density of 347.4 ± 68.5 HU versus 428.9 ± 84.0 HU in nonresponders with *P* \< 0.001 (highly significant). DJ insertions seemed to have marginal effect on stone dissolution, with 31 responders (34.4%) with DJ versus 16 non-responders (32.7%) with DJ stents \[[Table 1](#T1){ref-type="table"}\]. On multivariate analysis, there was no significant effect of DJ insertion \[[Table 2](#T2){ref-type="table"}\].

###### 

Factors affecting stone dissolution (univariate analysis)

  Variable                                Responders (*n*=90)   Nonresponders (*n*=49)   *P*
  --------------------------------------- --------------------- ------------------------ ---------
  Age (years), mean±SD                    45.1±10.8             44.6±11.3                0.734
  Sex                                                                                    
   Male                                   47 (52.2)             27 (55.1)                0.105
   Female                                 43 (47.8)             22 (44.9)                
  Urine pH, mean±SD                       5.17±0.11             5.21±0.22                0.901
  Hyperuricemia                                                                          
   Yes                                    8 (8.8)               5 (10.2)                 0.779
   No                                     82 (91.1)             44 (89.8)                
  Stone site                                                                             
   Pelvic                                 32                    22                       0.369
   Calyceal                               58                    27                       
  Stone longest dimension (mm), mean±SD   17±5.7                19.2±6.1                 0.039
  Stone density in HU units, mean±SD      347.3±68.5            428.9±84                 \<0.001
  Presence of DJ                                                                         
   Yes                                    31 (66)               16 (34)                  0.045
   No                                     59 (64.1)             33 (35.9)                

Univariate analysis of factors affecting stone dissolution. DJ: Double J, SD: Standard deviation

###### 

Multivariate analysis of factors affecting stone dissolution

  Variable        95% CI          *P*
  --------------- --------------- ---------
  Stone size      −0.188-−0.034   0.005
  Stone density   −0.023-−0.010   \<0.001
  DJ              −0.974-0.784    0.832

Logistic regression for factors affecting stone dissolution. DJ: Double J, CI: Confidence interval

Further analysis was done using logistic regression with stone size, density, and presence of DJ. Stone density was highly predictive of stone dissolution with 95% confidence interval of −0.023 to −0.010 and *P* \< 0.001, followed by stone size with 95% confidence interval of −0.188 to −0.034 and *P* value = 0.005. The presence of DJ stent was not predictive with *P* value = 0.832 \[[Table 2](#T2){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

Stone disease treatment has undergone great improvement over the past decades; shock wave lithotripsy (SWL), retrograde intra-renal surgery, and PCNL have widely replaced open surgery. All those procedures were subject to large-scale well-designed studies that demonstrated their outcome and side effect profile.\[[@ref12][@ref13]\]

Oral dissolution of radiolucent renal stones (urine alkalization) has been used for over 50 years. Despite the widespread use, it still lacks standardization when compared to other stone treatment options such as SWL, RIRS, and PCNL. This gap is intensified by the lack of high-volume prospective studies of that therapy. Yet, it is an option in the treatment of uric acid stones in both European and American guidelines.\[[@ref14][@ref15]\]

Radiolucent stones (mainly uric acid) pose a challenge as its localization cannot be done with standard X-ray. In SWL, Smith *et al*. reported equal results for ultrasound (48 patients) and fluoroscopy (49 patients) localization with stone-free rates of 60% and 45% subsequently. They reported that ultrasound localization required specifically trained operator and he used adjuvant fluoroscopy when needed, and X-ray exposure decreased from 2113 mGy/cm^2^ in the fluoroscopy group to 103 in the ultrasound group.\[[@ref16]\] In another study, Cimentepe *et al*. reported the use of ultrasound localization and fluoroscopy with intravenous contrast for radiolucent stones with 89% of stone-free rates.\[[@ref17]\]

Kumar *et al*. in a randomized controlled study compared the results of SWL, RIRS, and mini PCNL, for the treatment of 1--2 cm lower calyceal radiolucent stones. They achieved stone free rates of 73.8%, 86.1%, and 95.1% respectively. Despite RIRS and mini PCNL surpassed SWL, however, cost, hospital stay, and associated morbidity were higher.\[[@ref18]\]

Mokhless *et al*. reported results for combining SWL and ODT in the treatment of stones in 24 children (29 renal units), with a mean age of 6.3 and stone burden range of 12--65 mm. They reported 100% stone clearance rate.\[[@ref19]\]

Moreover, ODT was shown to be as effective as SWL in the treatment of radiolucent stones in the pediatric population. In their studt, Elderwy *et al*. randomized 87 children with a median age of 2.5 years and radiolucent stone burden range of 7--24 mm into 39 underwent SWL and 48 received ODT. They found that the stone-free rates were 72.9% ODT and 82.1% SWL, and the difference was statistically insignificant (*P* = 0.314).\[[@ref20]\]

In the current study, we tried to identify the results of ODT used in a standardized way in large cohort and characterize the factors affecting the outcome. We opted to employ ODT in larger stone burden up to 3 cm as several reports of good results with stone burden \>2 cm.

The limitations of this study included the few number of the patients, lack of the usage of stone surface area, exclusion of complex burden, and bilateral cases.

CONCLUSION {#sec1-5}
==========

ODT is safe and effective in the treatment of radiolucent renal stones. The efficacy was affected by stone density and stone size with more tendencies to failure with bigger stones and denser stones. Double J stent insertion may facilitate dissolution rate. There was no effect of the baseline urinary pH, hyperuricemia, or stone location on the dissolution rate of the stones.
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